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(57) A light-emitting device (1 0) using an LED is pro- 
posed. This light-emitting device (10) is provided with a 
packaging substrate (1), a light-emitting element (2) 
which is mounted on this packaging substrate (1) with 
its face down, a fluorescent member (3) that is arranged 
face to face with a light-extracting surface (S) of the 
light-emitting element (2) without contacting the light- 
emitting element (2) and an optical member (4) which 
receives light that has been emitted from the light-emit- 
ting element (2) and made incident thereon through the 
fluorescent member (3), and aligns the incident light to- 
ward the outside of the device. Light, emitted from the 
light-emitting element (2), is made incident on the fluo- 
rescent member (3) to excite the fluorescent material so 
that the fluorescent material re-emits light having a 
wavelength different from that of the incident light. 
Those light rays, emitted from the light-emitting element 
(2), which have not been absorbed by the fluorescent 
member (3) and have passed through the fluorescent 
member (3) and those light rays that have been emitted 
from the fluorescent material are made incident on the 
optical member (4) and are aligned. Because the fluo- 
rescent member (3) is not made in contact with the light- 
emitting element (2), it does not receive the heat from 



the light-emitting element (2) through heat conduction, 
and consequently becomes less susceptible to degra- 
dation due to heat. Moreover, with the face-down mount- 
ing structure, the fluorescent member (3) and the optical 
member (4) can be placed closer to the light-emitting 
element (2) as long as they dose not contact the light- 
emitting element (2). Consequently, the service life of 
the fluorescent material or the fluorescent-material- 
mixed resin that tends to deteriorate can be lengthened, 
lights can be extracted more efficiently, and light rays 
can be properly aligned in a predetermined direction. 
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Description 
TECHNICAL FIELD 

[0001 ] The present invention relates to a light-emitting 
device that generates mixed color light by using a light- 
emitting element and a fluorescent material. 

BACKGROUND ART 

[0002] In recent years, a light-emitting diode (LED) 
chip that emits blue or ultraviolet light by using a gallium 
nitride-based compound semiconductor has been de- 
veloped. Further, by combining the LED chip with vari- 
ous fluorescent materials, light-emitting devices using 
LED have been developed which can emit light having 
color hues different from light emitted by the LED chip, 
such as white light. The light- emitting devices using LED 
have advantages of small size, little weight and power 
saving in comparison with light-emitting devices using 
hot filaments or gas discharges, and have been current- 
ly used widely as devices such as light-sources for indi- 
cation, substitution for small-size light bulbs, and light- 
sources for liquid crystal display panels. The prior art 
devices of this type are disclosed in Japanese Laid- 
open Patent Publication No. 2000-208815, Japanese 
Laid-open Patent Publication No. 11-261114 and the 
like. The light-emitting devices using LED shown in 
these prior art documents have an arrangement in which 
a fluorescent material or a fluorescent-material-mixed 
resin is placed around the LED chip, with at least one 
portion touching the LED chip. 

[0003] In the above-mentioned light-emitting device 
using LED, however, since the fluorescent material or 
the fluorescent-material-mixed resin is made in contact 
with the LED chip, that is, the light-emitting element, the 
material or resin tends to quickly deteriorate due to heat 
from the light-emitting element, and a problem results 
that the service life of the light-emitting device using LED 
depends on the service life of the fluorescent material 
or the fluorescent-material-mixed resin and dose not de- 
pend on the service life of the LED chip itself. 
[0004] Moreover, prior art devices have been pro- 
posed (for example, see Japanese Laid-open Patent 
Publication No. 2000-101148), as shown in FIG. 32 and 
FIG. 33, in which a light-emitting element 20 connected 
to wires L and L is sealed by a transparent resin 40 into 
a shell shape. A fluorescent member 30 in the light-emit- 
ting device 100 (FIG. 32) is detachably attached to the 
outside of the element in contact therewith, and a fluo- 
rescent member 30 in the light-emitting device 101 (FIG. 
33) is detachably attached thereto with a space 50 
placed in a manner so as not to contact the element. 
However, in these cases, the fluorescent member 30, 
which has a light scattering property, is placed outside 
the optical member 40; consequently, even when an at- 
tempt is made to converge light rays from the light-emit- 
ting element 20 by using the optical member 40, and to 



align light rays in a predetermined direction, the light 
rays are scattered by the fluorescent member 30, and 
problems are caused that desired light-ray alignment is 
not achieved and it is not possible to efficiently apply 
5 light. 

[0005] The present invention has been devised to 
solve the above-mentioned problems, and its objective 
is to provide a light-emitting device having a mixed-color 
light emitting function, which can lengthen the service 
io life of a fluorescent material or a fluorescent-material- 
mixed resin that tends to deteriorate quickly, and also 
can easily form an optical structure that can align light 
rays outside the device. 

15 DISCLOSURE OF INVENTION 

[0006] In order to attain the above object, according 
to the present invention, a light-emitting device which 
uses an LED, comprises a packaging substrate; a light- 

20 emitting element that is placed on the packaging sub- 
strate, and has a light-extracting surface from which light 
is taken out; a fluorescent member which is formed by 
dispersing a fluorescent material in a transparent sub- 
stance, where the fluorescent material absorbs light 

25 from the light-emitting element, and emits light having a 
wavelength different from that of the absorbed light, and 
is placed face to face with the light-extracting surface of 
the light-emitting element without contacting the light- 
emitting element; and an optical member which receives 

30 incident light from the light-emitting element which has 
been made incident thereon through the fluorescent 
member, and aligns the incident light toward the outside 
of the device. 

[0007] With this arrangement, light emitted from the 

35 light-emitting element, is made incident on the fluores- 
cent member to excite the fluorescent member, and to 
allow the fluorescent member to re-emit light having a 
wavelength that is different from that of the incident light 
(exciting light). This exciting light and light emitted from 

^0 the fluorescent material are made incident on the optical 
member to be aligned in a predetermined direction 
based upon the optical shape of the optical member, and 
released outside the light-emitting device. Since the flu- 
orescent member is not made in contact with the light- 
emitting element, the fluorescent member does not suf- 
fer from heat of the light-emitting element through heat 
conduction. Therefore, the heat that the fluorescent 
member receives from the light-emitting element is 
smaller than that in the case when the two members are 

so made in contact with each other so that it is possible to 
suppress deterioration due to heat in the resin or the like 
that is a transparent substance in which the fluorescent 
material constituting the fluorescent member or the flu- 
orescent material is dispersed and maintained, andcon- 

55 sequently to lengthen the service life of the fluorescent 
member. Moreover, light from the light-emitting element 
is first made incident on the fluorescent member having 
a light-scattering property, and then made incident on 
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the optical member; therefore, in comparison with the 
case in which, after having been made incident on the 
optical member, the resulting light is released outside 
through the fluorescent member, this arrangement al- 
lows the optical member to exert a light aligning function 
more effectively. 

[0008J Preferably, in the improved invention, the light- 
emitting element is mounted on the packaging substrate 
with a face thereof down. Since the light-emitting ele- 
ment is transparent, the light-emitting element can be 
mounted in such a face-down manner so that its surface 
without electrode wires is used as a light-extracting sur- 
face. For this reason, inclusions such as bonding-use 
conductive wires that appear in the case of the face-up 
mounting are not present on the light-extracting surface 
so that the fluorescent member and the optical member 
can be placed closer to the light-extracting surface of 
the light-emitting element as long as they dose not con- 
tact the light-emitting element. Therefore, it is possible 
to control light-aligning operations more effectively in 
comparison with the case in which the face-up mounting 
is made. Moreover, since it is possible to avoid for con- 
ductive wires or the like screening any portion of emitted 
light, the light emitted from the light-emitting element, is 
effectively made incident on the fluorescent member 
without losses in the light quantity. 
[0009] Preferably, in the improved invention, the opti- 
cal member has a convex-lens shape. With this arrange- 
ment, light rays, emitted from the fluorescent member, 
are properly aligned in a predetermined direction in ac- 
cordance with the shape of a convex lens. 
[0010] Preferably, in the improved invention, a portion 
of the optical member that faces the packaging sub- 
strate forms a slope surface having a predetermined an- 
gle with respect to the light-extracting surface of the 
light-emitting element, and light rays that have been 
emitted by the light emitting element and have passed 
through the fluorescent member and those light rays 
among light rays that have been emitted by the light- 
emitting element that are absorbed by the fluorescent 
member and re-emitted as light having a different wave 
length, with both types of light rays being made incident 
of the slope surface, are reflected in the substantially 
normal direction to the light-extracting surface of the 
light-emitting element. With this arrangement, among 
light rays emitted from the fluorescent member, those 
rays that proceed laterally without going toward the front 
side of the front surface of the light-extracting surface 
of the light-emitting element are aligned in a predeter- 
mined direction by using the reflection on a slope sur- 
face of the optical member. 

[0011] Preferably, in the improved invention, a sur- 
face of the optical member on the light-emitting element 
side is made into a light reflecting unit having an opening 
section through which light from the light-emitting ele- 
ment is took in. With this arrangement, among light rays 
emitted from the fluorescent member, those rays that 
proceed laterally without going toward the front side of 



the light-extracting face of the light-emitting element are 
reflected by the optical reflection unit, and aligned in the 
forward direction.. 

[0012] Preferably, in the improved invention, the opti- 
5 cal member Is made of a first optical member having a 
low refractive index and a second optical member hav- 
ing a high refractive index, and light rays that have been 
emitting from the light-emitting element and have 
passed through the fluorescent material and those light 
10 rays among light rays that have been emitted from the 
light-emitting element that are absorbed by the fluores- 
cent member and re-emitted as light having a different 
wavelength are made incident on the second optical 
member through the first optical member. With this ar- 
15 rangement, light emitted from the fluorescent member 
is first made incident on a low-refractive-index member, 
and then made incident on a high-refractive-index mem- 
ber; therefore, the light can be bent in the forward direc- 
tion, that is, in a light-converging direction, through a re- 
20 fracting function in the interface between the two optical 
members. 

[001 3] Preferably, in the improved invention, the opti- 
cal member is made from an inorganic transparent ma- 
terial. In this arrangement, since the optical member is 
25 made from an inorganic transparent material, it be- 
comes possible to suppress deterioration in the optical 
member due to light. 

[001 4] Preferably, in the improved invention , the light- 
emitting element is substantially surrounded by the flu- 
30 orescent member. With this arrangement, the fluores- 
cent member, which substantially surrounds the light- 
emitting element, can capture light from the light-emit- 
ting element more completely so that It Is possible to 
reduce losses due to light leakage, and consequently to 
35 provide high efficiency. 

[0015] Preferably, in the improved invention the fluo- 
rescent member is formed in such a manner that light 
transmission paths from the light-emitting element in the 
fluorescent member have substantially the same light 
40 path length. With this arrangement, the rate, at which 
light emitted from the light-emitting element causes ex- 
citation to the fluorescent member when it passes 
through the fluorescent member, is made the same with 
respect to any light rays emitted from the light-emitting 
45 element in any directions. For this reason, the color 
characteristics of the light rays emitted from the light- 
emitting device are independent of light-emitting angles 
and are made substantially uniform; therefore, it is pos- 
sible to reduce color irregularities in light emitted from 
50 the light-emitting device and the subsequent color irreg- 
ularities on a surface to which the light is applied. 
[0016] Preferably, in the improved invention, the fluo- 
rescent member has a light emitting surface that is 
formed into a curved surface. With this arrangement, the 
55 rate, at which light emitted from the light-emitting ele- 
ment causes excitation to the fluorescent member when 
it passes through the fluorescent member, is made clos- 
er to the same value with respect to any light rays emit- 
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ted from the light-emitting element in any directions. For 
this reason, it becomes possible to further reduce color 
irregularities in comparison with the above-mentioned 
case. 

[0017] Preferably, In the improved Invention, the fluo- 
rescent member has a surface facing the light-emitting 
element, which is formed into a curved surface. With this 
arrangement, light emitted from the light-emitting ele- 
ment is made incident on a surface having a curved- 
surface shape of the fluorescent member on the light- 
emitting element side; therefore, the reflection on this 
surface is suppressed, and the light utility efficiency is 
improved. 

[0018] Preferably, in the improved invention, the 
packaging substrate has a concave section, with the 
light-emitting element being placed on a bottom of the 
concave section, and a surface of the fluorescent mem- 
ber that faces the light-emitting element is formed to 
have substantially the same size as an opening shape 
of the concave section. With this arrangement, the size 
of the fluorescent member that has a function for con- 
verting a wavelength of light emitted from the light-emit- 
ting element as well as a function for serving as a pseu- 
do-light source for the optical member can be limited to 
a minimum size required so that it becomes possible to 
easily align light rays based upon the optical shape of 
the optical member. 

[0019] Preferably, in the improved invention, the con- 
cave section has an inner circumferential surface that 
has a parabolic surface which reflects light directed 
thereto from the light-emitting element toward the fluo- 
rescent member With this arrangement, the light that is 
not directly made Incident on the fluorescent member 
from the light-emitting element is reflected by the con- 
cave inner circumferential face having a parabolic 
shape to form substantially parallel light rays, and effec- 
tively made incident on the fluorescent member. 
[0020] Preferably, in the improved invention, the con- 
cave section has an inner circumferential surface that 
has an elliptical surface which reflects light directed 
thereto from the light-emitting element toward the fluo- 
rescent member. With this arrangement, the light that is 
not directly made incident on the fluorescent member 
from the light-emitting element is reflected by the con- 
cave inner circumferential face having an elliptical 
shape to be converged in the elliptical focal direction so 
that the quantity of incident light onto the fluorescent 
member is made greater in the center portion of the flu- 
orescent member. Therefore, the light emission of the 
fluorescent member serving as the pseudo-light source 
for the optical member is allowed to have high lumi- 
nance in the center portion of the fluorescent member, 
and consequently to form a point light source; thus, it 
becomes possible to easily align light rays by using the 
optical member efficiently. 

[0021] Preferably, in the improved invention, the fluo- 
rescent member is fitted to the opening section of the 
concave section. With this arrangement, only the fluo- 



rescent member that tends to deteriorate earlier in com- 
parison with other parts can be exchanged so that it be- 
comes possible to further lengthen the service life of the 
light-emitting device, 
s [0022] Preferably, in the improved Invention, the 
packaging substrate is made from a heat conductive 
material. With this arrangement, it is possible to improve 
the heat radiating property of the light-emitting element, 
and consequently to further lengthen the service life of 
10 the light-emitting element. Thus, the light-em ttting ele- 
ment in which power input has been limited due to tem- 
perature control is allowed to efficiently radiate heat so 
that the power input to the light-emitting element is in- 
creased, making it possible to increase the quantity of 
15 light emission. 

[0023] Preferably, in the improved invention, the light- 
emitting element is sealed by a light-transmitting resin, 
with a light-emitting surface of the transparent resin 
formed into a curved surface. With this arrangement, 
20 since the light-emitting element can be sealed by a light- 
transmitting resin that has a refractive index that is 
greater than air and smaller than the light-emitting ele- 
ment, it becomes possible to efficiently extract light from 
the light-emitting element. Moreover, since the surface 
25 of the sealing resin is formed into a curved face, the light 
component that reflects from the interface between the 
sealing resin and the air layer is reduced, thereby mak- 
ing it possible to further increase the light-extracting ef- 
ficiency, and consequently to increase the efficiency of 
30 the light-emitting element. 

[0024] Preferably, in the improved invention, a reflec- 
tion preventive film, which suppresses light reflection on 
the fluorescent member surface with respect to light 
from the light-emitting element, and increases the quan- 
35 tity of incident light into the fluorescent member, is inter- 
polated between the fluorescent member and the light- 
emitting element. With this arrangement, among light 
rays that proceed from the light-emitting element toward 
the fluorescent member, those light rays that have been 
40 reflected by the surface of the fluorescent member are 
made incident on the fluorescent member; thus, it be- 
comes possible to improve the efficiency of the light- 
emitting device. 

[0025] Preferably, in the improved invention, a light- 
45 scatting material, which scatters light rays that have 
been emitted from the light-emitting element and have 
passed through the fluorescent member or those light 
rays among the light rays emitted from the light-emitting 
element that are absorbed by the fluorescent member 
so and re-emitted as light having a different wavelength, is 
interpolated between the fluorescent member and the 
optical member. With this arrangement, light released 
from the fluorescent member is scattered by the light- 
scattering member so that the distribution of light inten- 
55 sity is averaged. For this reason, color characteristics of 
light emitted from the light-emitting device are alleviated 
so as not to be dependent on the radiation angle of light; 
thus, it is possible to prevent color irregularities of light 
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emitted from the light-emitting device and resufting color 
irregularities on the surface irradiated with this light. 
[0026] Preferably, in the improved invention, the fluo- 
rescent member is placed inside the concave section 
formed In the optical member. With this arrangement, 
the optical member can be placed closer to the substrate 
and the light-emitting element so that it is possible to 
easily design the optical shape of the optical member. 
Moreover, a concave section is formed in the optical 
member, and the entire surface with this concave sec- 
tion formed therein is coated with a fluorescent member, 
and an excessive amount of the fluorescent member is 
wiped with, for example, squeegee or the like; thus, with 
these manufacturing processes, the fluorescent mem- 
ber is uniformly formed in the concave section. Conse- 
quently, it is possible to get light-emitting devices among 
which color irregularities are alleviated, and it is also 
possible to simplify the manufacturing processes as 
compared with the conventional method; thus, it be- 
comes possible to improve the manufacturing cost re- 
duction effects. In particular, this arrangement is effec- 
tive when applied to a light-emitting device having a plu- 
rality of light-emitting elements integrally formed there- 
in. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0027] 

FIG. 1 is a cross-sectional view that shows a light- 
emitting device in accordance with embodiment 1 
of the present invention, and corresponds to a 
cross-sectional view taken along line B1-B1 in 
FIGS. 2 and 3. 

FIG. 2 is a plan view taken along line A1 -A1 in FIG. 

FIG. 3 is a plan view taken along line A2-A2 in FIG. 

FIG. 4 is a cross-sectional view that shows a light- 
emitting device in accordance with embodiment 2. 
FIG. 5 is an enlarged cross-sectional view that 
shows an essential portion of FIG. 4. 
FIG. 6 is a cross-sectional view that shows a light- 
emitting device in accordance with embodiment 3. 
FIG. 7 is a cross -section a I view that shows a light- 45 
emitting device in accordance with embodiment 3. 
FIG. 8 is a cross-sectional view that shows a light- 
emitting device in accordance with embodiment 4. 
FIG. 9 is a cross-sectional view that shows a light- 
emitting device in accordance with embodiment 5. so 
FIG. 1 0 is a cross-sectional view that shows a light- 
emitting device in accordance with embodiment 5. 
FIG. 11 is a cross-sectional view that shows a light- 
emitting device in accordance with embodiment 5. 
FIG. 1 2 is a cross-sectional view that shows a light- ss 
emitting device in accordance with embodiment 5. 
FIG. 13 is a cross-sectional view that shows a light- 
emitting device in accordance with embodiment 6. 
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FIG. 14 is a cross-sectional view that shows a light- 
emitting device in accordance with embodiment 8. 
FIG. 15 is an enlarged cross-sectional view that 
shows an essential portion of FIG. 14. 
FIG. 1 6 Is a cross-sectional view that shows a light- 
emitting device in accordance with embodiment 9. 
FIG. 17 is an enlarged cross-sectional view that 
shows an essential portion of FIG. 16. 
FIG. 1 8 is a cross-sectional view that shows a light- 
emitting device in accordance with embodiment 10. 
FIG. 19 is an enlarged cross-sectional view that 
shows an essential portion of FIG. 18. 
FIG. 20 is a cross-sectional view that shows a light- 
emitting device in accordance with embodiment 1 1 . 
FIG. 21 is a plan view that shows a light-emitting 
device in accordance with embodiment 1 1 , and cor- 
responds to a drawing taken along line A3-A3 in 
FIG. 22. 

FIG. 22 is a cross-sectional view taken along line 
B3-B3in FIG. 21. 

FIG. 23 is a cross-sectional view that shows a light- 
emitting device in accordance with embodiment 1 2. 
FIG. 24 is a cross-sectional view that shows a light- 
emitting device in accordance with embodiment 13. 
FIG. 25 is a cross-sectional view that shows a light- 
emitting device in accordance with embodiment 14. 
FIG. 26 is a cross-sectional view that shows a light- 
emitting device in accordance with embodiment 1 5 . 
FIG. 27 is a cross-sectional view that shows a light- 
emitting device in accordance with embodiment 15. 
FIG. 28 is a cross-sectional view that shows a light- 
emitting device in accordance with embodiment 1 6. 
FIG. 29 Is a cross-sectional view that shows a light- 
emitting device in accordance with embodiment 16. 
FIG. 30 is a cross-sectional view that shows a light- 
emitting device in accordance with embodiment 1 7. 
FIG. 31 is a cross-sectional view that shows a light- 
emitting device in accordance with embodiment 1 7. 
FIG. 32 is a cross-sectional view that shows a con- 
ventional light-emitting device. 
FIG. 33 is a cross-sectional view that shows a con- 
ventional light-emitting device. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0028] Referring to Figures, the following description 
discusses embodiments of the present invention. In the 
following embodiments, a light-emitting diode (LED) 
made of a gallium nitride-based compound semicon- 
ductor that emits blue light, and is formed on a transpar- 
ent sapphire substrate is used as a light-emitting ele- 
ment, unless otherwise indicated. This light-emitting el- 
ement is mounted on a packaging substrate in a face- 
down state (flip-chip mounting) in which the face on 
which a p-side electrode and an n-side electrode are 
formed is aligned face to face with the packaging sub- 
strate with the sapphire substrate being placed on the 
side opposite to the packaging substrate. A fluorescent 
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material forming a fluorescent member is prepared as 
a yttrium-aluminum-garnet (YAG) based fluorescent 
material activated by cerium, which is excited by blue 
light to emit yellow light. With respect to the material of 
an optical member, an acrylic resin Is used, unless oth- 
erwise indicated, and this member is molded through an 
injection molding method. Here, the kinds of the light- 
emitting element and colors of emitted lights are not lim- 
ited to those of the present embodiments. The kind of 
the fluorescent material is not particularly limited to the 
YAG based fluorescent material, and any material may 
be used as long as it is excited by light from the light- 
emitting element and can emit light of which a wave- 
length is different from that of the light from the light- 
emitting element. The material and the molding method 
of the optical member are not particularly limited to those 
of the present embodiments. Moreover, the direction 
(light-aligning direction or forward direction) in which the 
light-emitting device aligns light rays in the external re- 
gion is generally set in a normal direction to a light-ex- 
tracting surface of the light-emitting element, which pro- 
ceeds to outside of the light-emitting element, and cor- 
responds to the center axis direction of the optical shape 
of the optical member (such as a lens) and the fluores- 
cent member. Here, each of the fluorescent member 
and the optical member has a surface on the light inci- 
dent side and a surface on the light emitting side, and 
in general, in each of the members placed inside the 
device, the surface that faces the light-extracting sur- 
face of the light-emitting element forms the surface on 
the light incident side and the opposite surface forms 
the surface on the light-releasing side of the member. 
Moreover, In the following description, with respect to 
the same structure in the respective embodiments, ex- 
planations thereof are omitted. 

(Embodiment 1) 

[0029] Referring to FIGS. 1 through 3, the following 
description discusses embodiment 1 of the present in- 
vention. The light-emitting device 10 of the present em- 
bodiment is provided with a light-emitting element 2 
which is placed on a bottom surface of a concave sec- 
tion 1a that has a reversed cone shape with a trapezoi- 
dal shape in its cross-section and is formed on one sur- 
face of a flat-plate-shaped packaging substrate 1 , an op- 
tical member 4 having a flat surface that is aligned face 
to face with the surface of the packaging substrate 1 on 
which this light-emitting element 2 is placed, and a disc- 
shaped fluorescent member 3 that is embedded in a 
concave section formed in the center portion of the sur- 
face belonging with the optical member 4 and facing the 
packaging substrate 1 so as to be flush with the above- 
mentioned surface of the optical member 4. The light- 
emitting element 2 is a blue-light-emitting LED, and is 
mounted with its face down, and the electrode patterns 
of the light-emitting element 2 are connected to wiring 
patterns C and C formed on the substrate through elec- 



trically-connecting-use bumps B and B made of gold or 
the like. The fluorescent member 3 is placed on the op- 
tical member 4 formed by molded resin, on the side clos- 
est to the light-emitting element in a manner so as not 
s to contact the light-emitting element 2. The size of the 
fluorescent member 3 is set to substantially the same 
size as the opening shape of a concave section 1a 
formed in the packaging substrate 1 . The wiring patterns 
C and C are, as shown in FIG. 2, formed on the surface 
io of the packaging substrate 1 in the form of strips, ex- 
tended to reach the lower surface of the light-emitting 
element 2 through the slope surface of the concave sec- 
tion 1 a, and bump-bonded to the light-emitting element 
2. Moreover, as shown in FIG. 3, the optical member 4, 
15 which is made of a transparent acrylic resin, has a con- 
vex portion of an axisymmetric shape in the center 
thereof. The convex portion exerts a light-converging 
function and the like on the light rays from the fluores- 
cent member 3 so as to align and project the light rays 
20 toward the outside of the light-emitting device. 

[0030] Moreover, in FIG. 1 , the packaging substrate 
1 and the optical member 4 are placed with a space lo- 
cated in between, and for this structure, a supporting 
member to support the two members is required; how- 
25 ever, the supporting member is not shown in this Figure. 
An arrangement without this space is also applicable. 
[0031] In the light-emitting device 10 having the ar- 
rangement described above, power is supplied to the 
light-emitting element 2 through the wiring patterns C 
30 and C, thereby allowing the light-emitting element 2 to 
emit blue light. The blue light from the light-emitting el- 
ement 2 is emitted from a light-extracting surface S that 
is the surface of the light-emitting element 2 on the op- 
posite side to the sapphire substrate side, and made in- 
35 cident on the fluorescent member 3 that faces this sur- 
face S; thus, one portion of the light is converted to yel- 
low light, and this light is made incident on the optical 
member 4 together with the original blue light that has 
not been converted. Further, these light rays are refract- 
40 od by the optical shape of the optical member 4, that is, 
by the surface of the convex portion having the axisym- 
metricshape, and aligned toward the outside of the light- 
emitting device 10. In the light rays thus aligned, blue 
light from the blue LED and yellow light converted from 
45 the blue light are mixed with each other to form, for ex- 
ample, white light, depending on the rate of the mixed 
colors. 

[0032] The fluorescent member 3 is formed by dis- 
persing a YAG fluorescent material in a silicone resin 

so that is a transparent substance. With respect to this sil- 
icone resin, a silicone resin having substantially the 
same refractive index as the acrylic resin used as the 
optical member 4 is used. The kind of the resin to be 
used as the fluorescent member 3 is not particularly lim- 

55 tted by the present embodiment; however, from the 
viewpoint of a light-aligning property, the same material 
as the optical member 4 or a material having a refractive 
index close to that of the optical member 4 is preferably 
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used. Moreover, the present embodiment has an ar- 
rangement in which a silicone resin that is molded with 
YAG fluorescent material particles being dispersed 
therein is used as the fluorescent member 3, and this is 
placed in a concave section formed In the light-emitting 
element side of the optical member 4; however, the con- 
cept of the fluorescent member 3 formed by dispersing 
the fluorescent material in the transparent substance in- 
cludes a structure in which only the fluorescent material 
is loaded in the above-mentioned concave section and 
this is covered with a light-transmitting resin molded into 
a thin plate as a lid, and the loading structure of this type 
may be used as the fluorescent member 3. 
[0033] With this structure, light emitted from the light- 
emitting element 2 is made incident on the fluorescent 
member 3 to excite the fluorescent material so that the 
fluorescent material emits light having a wavelength that 
is different from that of the incident light (exciting light). 
This exciting light and the light emitted from the fluores- 
cent material are made incident on the optical member 
4, and aligned in a predetermined direction in accord- 
ance with the optical shape of the optical member 4 to 
be projected outside the light-emitting device 10. Since 
the fluorescent member 3 is not made in contact with 
the light-emitting element 2 so that it does not receive 
the heat from the light-emitting element 2 through heat 
conduction. Consequently, since the heat received by 
the fluorescent member 3 from the light-emitting ele- 
ment 3 becomes smaller than that in the case in which 
the two members are in contact with each other, it be- 
comes possible to suppress deterioration due to heat in 
the fluorescent material forming the fluorescent member 

3 or the resin or the like that is a transparent substance 
in which the fluorescent material Is dispersed and held, 
and consequently to lengthen the service life of the flu- 
orescent member 3. Moreover, since light from the light- 
emitting element 2 is first made incident on the fluores- 
cent member 3 having a light-scattering property, and 
then made incident on the optical member 4, it is possi- 
ble to make the light-aligning function of the optical 
member 4 more effective in comparison with the case 
in which the light is made incident on the optical member 

4 and then released outside through the fluorescent 
member 3. 

[0034] Moreover, since the light-emitting element 2 is 
transparent and the light-emitting element 2 is mounted 
with its face down, the surface having no electrode pat- 
terns can be used as the light-extracting surface S. For 
this reason, obstacles such as bonding wires that tend 
to appear in the case of a face-up mounting are not 
present on the light-extracting surface S, so it becomes 
possible to place the fluorescent material 3 and the op- 
tical member 4 closer to the light-extracting surface S of 
the light-emitting element 2 as long as they dose not 
contact the light-emitting element 2. Therefore, it is pos- 
sible to obtain a more effective light-aligning operation 
in comparison with the face-up mounting case. Moreo- 
ver, since no conductive wires or the like screen any por- 



tion of the emitted light, the light emitted from the light- 
emitting element 2 is effectively made incident on the 
fluorescent member 3 without losses in light quantity. 
[0035] Moreover, since the size of the fluorescent 

5 member 3 Is substantially the same size of the opening 
shape of the concave section 1 a formed in the packag- 
ing substrate 1, the size of the fluorescent member 3 
that has a function for converting a wavelength of light 
emitted from the light-emitting element 2 as well as a 

io function for serving as a pseudo-light source for the op- 
tical member 4 can be limited to a minimum size re- 
quired. Furthermore, since the light source is regarded 
as a pseudo point light source with respect to the optical 
member 4, it is possible to easily align light rays based 

15 upon the optical shape of the optical member 4. 

(Embodiment 2) 

[0036] Referring to FIG. 4 and FIG. 5, the following 
20 description discusses embodiment 2 of the present in- 
vention. A step portion is formed on the upper portion of 
the opening of the concave section 1 a in the packaging 
substrate, which is formed as a section in which the light- 
emitting element 2 is placed, and the fluorescent mem- 
25 ber 3 is fitted and detachably attached to this step por- 
tion. With this arrangement, only the fluorescent mem- 
ber that tends to deteriorate faster in comparison with 
other parts can be exchanged so that it becomes pos- 
sible to further lengthen the service life of the light-emit- 
30 ting device. 



(Embodiment 3) 

[0037] Referring to FIG. 6 and FIG. 7, the following 
35 description discusses embodiment 3 of the present in- 
vention. In the light-emitting device of the present em- 
bodiment, as shown in FIG. 6, the optical member 4 has 
a convex lens shape formed into a shell shape. With this 
optical shape, light a1, emitted from the fluorescent 
40 member 3, is formed into light a2 that is refracted so as 
to be converged in the center direction of the light-emit- 
ting device 10, and aligned on the surface of the optical 
part 4. 

[0038] Moreover, as shown in FIG. 7, in a light-emit- 
^5 ting device 10 in which a plurality of light-emitting ele- 
ments 2 are assembled on the packaging substrate with 
multi-lenses 4m that form respective convex lenses be- 
ing placed as the optical members 4 with respect to the 
light-emitting elements 2, by using a plurality of the light- 
5 o emitting elements 2, the device is capable of applying a 
more quantity of light outside the device. The optical 
member 4 having such a structure with multiple lenses 
is advantageous in that it is easily manufactured through 
an integrally molding process. 

55 

(Embodiment 4) 

[0039] Referring to FIG. B, the following description 
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discusses embodiment 4 of the present invention. The 
optical shape of the optical member 4 is designed in 
such a manner that the surface extracting light toward 
the outside of the light-emitting device 1 0 Is formed into 
a flat face, and the surface that is directed to the light- 
emitting element 2 is formed into a convex shape with 
a slanting portion 41 . Moreover, the fluorescent member 
3 is placed at the tip of the convex shape that is the side 
of the optical member 4 closest to the light-emitting el- 
ement. 

[0040] With this arrangement, among light rays from 
the fluorescent member 3, a light ray a1 , which proceeds 
laterally in a manner different from light rays b1 and b2 
proceeding in a predetermined light-aligning direction of 
the optical member, is made incident on the slanting por- 
tion 41 of the optical member 4, and reflected therefrom 
to form a reflected light a2 that is aligned in a predeter- 
mined direction. 

(Embodiment 5) 

[0041] Referring to FIGS. 9 to 12, the following de- 
scription discusses embodiment 5 of the present inven- 
tion. These light-emitting devices 10 are provided with 
a reflecting portion R on a face of the optical member 4 
on the side facing the packaging substrate 1 ; thus, the 
light-aligning property is improved, and light from the 
light-emitting element 2 is effectively utilized. First, the 
device 10 shown in FIG. 9 has the same arrangement 
as the light-emitting device 10 of FIG. 8 except that, on 
a surface of the optical member 4 that faces the pack- 
aging substrate 1 but the portion where the fluorescent 
member is placed, the reflecting portion R having a high 
reflectance is formed by aluminum vapor deposition. 
With this arrangement, different from the case of em- 
bodiment 4, most of a light ray a1 that is made incident 
on the slanting portion 41 of the optical member 4 is re- 
flected by this light reflecting portion R to form a reflect- 
ed light a2 without passing through the slanting portion 
41 , and aligned in the forward direction without losses. 
[0042] Moreover, in a device shown in FIG. 10, the 
optical member 4 has an optical shape of a flat face 
formed on the light-releasing side, and of two steps of 
convex-shape faces 42 and 43 formed on the side facing 
the packaging substrate 1 . In the same manner as de- 
scribed above, on a surface of the optical member 4 that 
faces the packaging substrate 1 but the portion where 
the fluorescent member 3 is placed, the reflecting por- 
tion R having a high reflectance is formed by aluminum 
vapor deposition. With this arrangement, among light 
rays released from the fluorescent member 3, most of 
a light ray a1 that proceeds laterally is reflected by this 
light reflecting portion R in the convex-shape face 42 to 
form a reflected light ray a2. Moreover, most of a light 
ray c2, originally a light ray c1 that proceeds toward a 
flat face on the light-emitting side of the optical member 
4 and is reflected and returned by the flat face, is reflect- 
ed by the reflecting portion R in the convex-shape face 



43 to form a reflected light ray c3. Consequently, those 
light rays that do not proceed toward a light-aligning di- 
rection in the optical member 4 can be reflected by the 
reflecting portion R, and aligned in a predetermined di- 
5 rection. 

[0043] Furthermore, a device shown in FIG. 1 1 has an 
arrangement in which the surface of the optical member 
4 of FIG. 10 on the light-emitting side is formed into a 
convex-lens shape 45. With this arrangement, among 

10 light rays emitted from the florescent member 3, those 
light rays, such as a light ray b1 , that pass through the 
convex-lens shape 45 are refracted by the lens bound- 
ary in the light-aligning direction so that it becomes pos- 
sible to further improve the light-aligning property in 

15 comparison with the above-mentioned arrangement. In 
this manner, this light-emitting device 10 makes it pos- 
sible to emit almost all the light rays emitted from the 
fluorescent member 3 in the light-aligning direction. 
[0044] Moreover, in a device shown in FIG. 12, a 

20 notch shape is formed in a point of inflection P of two 
steps of convex surfaces 42 and 43 placed on the side 
of the optical member 4 of FIG. 11 facing the packaging 
substrate 1 , and the convex surface 42 is extended to- 
ward the convex surface 43 side so as to be inserted 

25 therein. With this arrangement, it is possible to obtain 
an optical member shape having the best light utility ef- 
ficiency, which emits almost all the light rays emitted 
from the fluorescent member 3 in the light-aligning di- 
rection. 

30 

(Embodiment 6) 

[0045] Referring to FIG. 13, the following description 
discusses embodiment 6 of the present invention. The 

35 optical member 4 is constituted by a first optical member 
4e having a low refractive index and a second optical 
member 4f having a high refractive index. Here, with re- 
spect to the first optical member 4e having a low refrac- 
tive index, for example, silica aerogel can be used, and 

40 with respect to the second optical member 4f having a 
high refractive index, the above-mentioned acrylic resin 
can be used. Then, a light ray a1 from the fluorescent 
member 3 passing through the first optical member 4e 
is first refracted by the boundary, and made incident on 

45 the second optical member 4f (light ray a2), and next 
refracted by the surface 45 of the optical shape of the 
optical member 4, and aligned toward the outside of the 
device (light ray a3). In this manner, light emitted from 
the fluorescent member 3, is made incident on the high- 

50 refractive- index medium after having been made inci- 
dent on the low-refractive-index medium; therefore, the 
light is bent toward a converging direction in the forward 
direction through refractive functions on the boundary 
of the two optical members. With this arrangement, 

55 since the light emitted from the fluorescent member is 
made incident on the high-refractive-index member af- 
ter having been made incident on the low-refracttve-in- 
dex member, it is possible to bend the light toward a con- 
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verging direction in the forward direction through refrac- 
tive functions on the boundary of the two optical mem- 
bers. 

(Embodiment 7) 5 

[0046] The light-emitting device of embodiment 7 of 
the present invention, which relates to any of the above- 
mentioned light-emitting devices, has an arrangement 
in which the optical member 4 is made of molded trans- io 
parent glass. In this arrangement, the optical member 4 
is made of an inorganic transparent material such as 
glass so that it is possible to suppress deterioration in 
the optical member 4 due to light. In particular, in the 
case of an LED that emits ultraviolet rays, the optical 15 
member 4 is more damageable in comparison with the 
blue light-emitting LED, this arrangement is more effec- 
tive for suppressing light-deterioration. Therefore a 
structure in which an LED that emits ultraviolet rays is 
mounted on a packaging substrate as the light-emitting 20 
element 2, and a fluorescent material that emits RGB 
lights when excited with an ultraviolet-ray is used as the 
fluorescent material 3, the application of the optical 
member 4 made of transparent glass makes it possible 
to improve durability, and consequently to expand the 25 
applicable range of the light-emitting device. 

(Embodiment 8) 

[0047] Referring to FIG. 1 4 and FIG. 1 5, the following 30 
description discusses embodiment 8 of the present in- 
vention. Different from the above-mentioned embodi- 
ment, this light-emitting device 10 has no concave sec- 
tion in the packaging substrate 1 , and has an arrange- 
ment in which the light-emitting element 2 is mounted 35 
on a surface of a flat packaging substrate 1 with its face 
down, by using bumps B and B. Moreover, with respect 
to a concave section 3 a in the optical member 4, a flu- 
orescent member 3 is applied onto the inner surface of 
the concave section 3a u n if ormly through coating or the 40 
like, without filling all the concave section, with a space 
for loading the light-emitting element 2 being left therein, 
in a manner different from the above-mentioned ar- 
rangement. With this arrangement, the fluorescent 
member 3, which substantially surrounds the light-emit- 45 
ting element 2, is allowed to completely capture light 
from the light-emitting element 2 so that it becomes pos- 
sible to reduce losses due to light leakage, and conse- 
quently to provide high efficiency. 

so 

(Embodiment 9) 



of light rays a and b from the light-emitting element 2 in 
the fluorescent member 3 have substantially the same 
light path length. With this arrangement, the rates at 
which the light rays a and b, emitted from the light-emit- 
ting element 2, cause light excitation in the fluorescent 
material when passing through the fluorescent member 
3 are made substantially the same for any light rays from 
the light emitting element 2, whichever directions they 
are emitted. For this reason, the color characteristics of 
the light rays emitted from the light-emitting device are 
made substantially uniform independent of light-emit- 
ting angles; therefore, it is possible to reduce color ir- 
regularities in light emitted from the light-emitting device 
and the subsequent color irregularities on a light irradi- 
ation surface to which the light is applied. 

(Embodiment 10) 

[0049] Referring to FIG. 18 and FIG. 19, the following 
description discusses embodiment 9 of the present in- 
vention. The light-emitting device 1 0 of the present em- 
bodiment, which relates to the above-mentioned em- 
bodiment 8 shown in FIG. 14 and FIG. 15, has an ar- 
rangement in which the fluorescent member 3 is formed 
into a spherical shell shape with the light-emitting ele- 
ment 2 being located substantially in the center. Since 
the shape of the fluorescent member 3 is designed to 
include the light-emitting element 2 in the center portion 
thereof, and since the lighMncident-side surface shape 
and the light-release-side surface shape of the fluores- 
cent member 3 form curved surfaces derived from a co- 
axial globe, the light-path lengths from the light-emitting 
element are made substantially the same. With this ar- 
rangement, the rates at which light rays, emitted from 
the light-emitting element, cause light excitation in the 
fluorescent material when passing through the fluores- 
cent member are made close to the same value for any 
light rays from the light-emitting element whichever di- 
rections they are emitted; thus, it is possible to reduce 
color irregularities in light emitted from the light-emitting 
device and the subsequent color irregularities on a light 
irradiation surface to which the light is applied. Moreo- 
ver, since light emitted from the light-emitting element 
is made incident on a surface having a curved surface 
shape of the fluorescent member on the light-emitting 
element side, the reflection on this surface is sup- 
pressed with the result that the light utility efficiency is 
improved. 

(Embodiment 11) 



[0048] Referring to FIG. 1 6 and FIG. 1 7, the following 
description discusses embodiment 9 of the invention. In 
this light-emitting device 10, the external shape of the 
fluorescent member 3 has a semi-spherical shape with 
the light-emitting element 2 being positioned substan- 
tially in the center. Consequently, the transmission paths 



[0050] Referring to FIGS. 20 to 23, the following de- 
scription discusses embodiment 1 1 of the present inven- 
tion. In this light-emitting device, the concave section 1 a 
55 formed in the packaging substrate 1 has a parabolic 
shape 1c. Further, aluminum is vapor-deposited on the 
surface of the parabolic shape 1c to form a mirror re- 
flecting surface. Since this aluminum deposition surface 
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is connected to the wiring patterns C and C formed on 
the flat portion of the packaging substrate 1 to form one 
portion of wiring patterns, insulation separation is made 
in the center portion. With this arrangement, tight a1 that 
is not directly made Incident on the fluorescent member 
3 from the light-emitting element 2 is reflected by the 
concave inner circumferential surface having the para- 
bolic shape to form substantially parallel light rays a2, 
and effectively made incident on the fluorescent mem- 
ber 3. Moreover, this arrangement is advantageous in 
that both of the wiring patterns C, C and the reflecting 
surface are formed in one process. 

(Embodiment 12) 

[0051] Referring to FIG. 23, the following description 
discusses embodiment 12 of the present invention. In 
this light-emitting device, the parabolic shape in the 
above-mentioned embodiment 11 is formed into an el- 
liptical shape 1c, and a mirror reflecting surface is 
formed thereon by aluminum vapor deposition in the 
same manner as described above. With this arrange- 
ment, light at that is not directly made incident on the 
fluorescent member 3 from the light-emitting element 2 
is reflected by the concave inner circumferential surface 
having the elliptical shape to be converged in the ellip- 
tical focal direction (light a2) so that the quantity of inci- 
dent light onto the fluorescent member 3 is made greater 
in the center portion thereof. Therefore, the light emis- 
sion of the fluorescent member 2 serving as a pseudo- 
light source for the optical member 4 is allowed to have 
high luminance in the center portion of the fluorescent 
member 3, and consequently to form a point light 
source; thus, it becomes possible to easily align light 
rays by using the optical member efficiently. 

(Embodiment 13) 

[0052] Referring to FIG. 24, the following description 
discusses embodiment 13 of the present invention . This 
light-emitting device has a metal substrate 5 of a supe- 
rior heat radiating property attached on the lower portion 
of the packaging substrate 1 . This arrangement makes 
it possible to improve the heat radiating property of the 
light-emitting element 2, and consequently to further 
lengthen the service life of the light-emitting element 2. 
Thus, the light-emitting element 2, limited in power input 
due to temperature control, can efficiently radiate heat 
so that the power input to the light-emitting element is 
increased, and it is possible to increase the quantity of 
light emission. With respect to the structure for improv- 
ing the heat radiating property, in addition to the struc- 
ture shown in this figure, in the case of the structure hav- 
ing no concave section in the packaging substrate 1 as 
shown in embodiment 8 and embodiment 10, a light- 
emitting element can be mounted on a metal plate 
through an electrically insulating film interpolated be- 
tween the metal plate and the wiring patterns for the 



light-emitting element. In this case, the heat radiating 
effect of the light-emitting element can be improved by 
reducing the heat resistance of the electric insulating 
film. 

s 

(Embodiment 14) 

[0053] Referring to FIG. 25, the following description 
discusses embodiment 1 4 of the present invention. This 

10 light-emitting device 1 0 has a modified structure of the 
light-emitting device shown in the aforementioned em- 
bodiment 1 . The periphery of the light-emitting element 
2 is sealed with a light-transmitting sealing resin 6 that 
is formed in a manner so as to form a curved surface. 

15 in the present embodiment, a light-transmitting silicone 
resin is used as the sealing resin 6; however, the sealing 
resin is not particularly limited to the silicone resin. With 
this arrangement, since the light-emitting element can 
be sealed by a light-transmitting resin that has a ref rac- 

20 tive index that is greater than air and smaller than the 
light-emitting element, it becomes possible to efficiently 
extract light from the light-emitting element. Moreover, 
since the surface of the sealing resin is formed into a 
curved surface, the light component reflecting at the in- 

25 terface between the sealing resin and the air layer is 
reduced, thereby making it possible to further increase 
the light-extracting efficiency, and consequently to in- 
crease the efficiency of the light-emitting element. 

30 (Embodiment 15) 

[0054] Referring to FIG. 26 and FIG. 27, the following 
description discusses embodiment 15 of the present In- 
vention. A light-emitting device 10 of the present em- 

35 bodiment has a modified structure of the structure 
shown in FIG. 1 and FIG. 8 in which a reflection preven- 
tive film 7 is formed on the side facing the light-emitting 
element 2 of the fluorescent member 3. The reflection 
preventive film 7 is an optical multi-layer of 10 layers 

40 made of a combination of Si0 2 f ilms/Ti0 2 films that have 
respectively controlled film thickness so as to minimize 
the reflection on the incident surface of the fluorescent 
member 3 with respect to the wavelength of light emitted 
by the light-emitting element 2. Here, the kinds of the 

45 reflection preventive film material are not limited by 
those of the present embodiment. Moreover, a light re- 
flecting film R is formed at a portion of a surface of the 
optical member 4 that faces the packaging substrate 1 
and does not have the reflection preventive film 7 

so formed thereon. However, the kind of the light reflecting 
film R is not limited by that of the present embodiment. 
[0055] With this arrangement, among light rays that 
proceed from the light-emitting element 2 toward the flu- 
orescent member 3, those light rays that would be re- 

55 fleeted by the surface of the fluorescent member 3 in the 
case of no reflection preventive film 7 are made incident 
on the fluorescent member 3.Thus, it becomes possible 
to improve the light utility efficiency of the light-emitting 
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device 1 0. Moreover, since the light reflecting film R 
makes it possible to prevent leakage of light from the 
optical member 4, this function also increase the light 
utility efficiency thereof. 

5 

(Embodiment 16) 

[0056J Referring to FIG. 28 and FIG. 29, the following 
description discusses embodiment 1 6 of the present in- 
vention. The light-emitting device 10 of the present em- 10 
bodiment has substantially the same structure as that 
of FIG. 1 , and a light-scattering member 8 is formed on 
the side of the fluorescent member 3 facing the optical 
member 4 in a manner so as to surround the fluorescent 
member 3. With respect to the material of the light-scat- 15 
tering member 8, Si0 2 fine particles having a size of 1 
to 2nm are used. However, the kind of the light-scatter- 
ing member 8 is not limited by the present embodiment 
Moreover, the shape of the light-scattering member 8 is 
not limited by the present embodiment, either. As shown 20 
in FIG. 29, in the case when both of the fluorescent 
member 3 and the light-scattering member 8 are formed 
into a semi-spherical shape, light rays applied from the 
fluorescent member 3 to the optical member 4, have an 
equal light path length in the light-scattering member 8 25 
on average so that it is possible to reduce color irregu- 
larities on the light-emitting surface in relation to the ob- 
serving direction. Moreover, with this arrangement, light 
released from the fluorescent member 3 is scattered by 
the light-scattering member 8 so that the distribution of 30 
light intensity is averaged. For this reason, color char- 
acteristics of light emitted from the light-emitting device 
10 are alleviated so as not to be dependent on the radi- 
ation angle of light; thus, it is possible to prevent color 
irregularities of light emitted from the light-emitting de- 35 
vice and resulting color irregularities on the surface ir- 
radiated with this light. 



(Embodiment 1 7) 
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[0057] Referring to FIG. 30 and FIG. 31 , the following 
description discusses embodiment 1 7 of the present in- 
vention. In the light-emitting device 10 shown in these 
figures, heat radiation is achieved by using a gas flow 
that passes through a gap placed between the packag- 45 
ing substrate 1 containing the light-emitting element 2 
and the optical member 4 including the fluorescent 
member 3. In the light-emitting device 1 0 shown in FIG. 
30, the light-emitting device having substantially the 
same structure as the light-emitting device of embodi- so 
ment 1 is prepared as a longitudinal device surrounded 
by a box-shaped member 9 made of aluminum. Air holes 
9a and 9b are formed in upper and lower portions of the 
box-shaped member 9, and these air holes 9a and 9b 
are allowed to communicate with the gap G formed in ss 
the light-emitting device 10. With this arrangement, an 
ascending air flow is generated naturally in the air holes 
and the gap that communicate with each other during 



operations of the light-emitting device 10 so that heat 
radiation of the light-emitting element 2 is accelerated 
Therefore, the heat radiation of the light-emitting ele- 
ment 2 is accelerated, thereby making it possible to 
length the service life. 

[0058] Moreover, in a light-emitting device 10 shown 
in FIG. 31 , an air-blowing-use or air-ventilating-use fan 
F is installed on the air hole 9b side that is located on 
one side of the device shown in FIG. 30. With this ar- 
rangement, since a forced air flow is formed by the fan 
F, the heat radiation of the light-emitting device 2 is ac- 
celerated so that it is possible to lengthen the service 
life thereof. Moreover, different from the aforementioned 
device, since the fan F is prepared, it is possible to main- 
tain the heat radiating property even in the case when 
the light-emitting device 10 is laterally placed. 
[0059] The present application claims the priority 
based upon the patent application filed on July 26, in 
2001. The entire contents of the application are incor- 
porated into the present application by reference there- 
to. 

INDUTRIAL APPLICABILITY 

[0060] The present invention is widely applicable to 
industrial fields in which light generated through electric 
energy is utilized as a light source for mixed color light. 
Further, since the service life of light-emitting device is 
lengthened by lengthening the service life of the fluores- 
cent member, the present invention makes it possible to 
widen the possibility of application of the device as light 
sources that are used in the fields requiring long-term 
reliability, and installed at locations having difficulty in 
exchanging, repairing and the like of the device. For ex- 
ample, the device of the present invention is applicable 
to illumination-use light sources, indicator-display-use 
light sources for various switches, light sources for traffic 
signals, light sources for various warning displays in au- 
tomobiles, light sources for advertising and commercial- 
use displays, and the like. 



Claims 

1 . A light-emitting device which uses an LED, compris- 
ing: 

a packaging substrate; 

a light-emitting element that is placed on the 
packaging substrate, and has a light-extracting 
surface from which light is taken out; 
a fluorescent member which is formed by dis- 
persing a fluorescent material in a transparent 
substance, where the fluorescent material ab- 
sorbs light from the light-emitting element, and 
emits light having a wavelength different from 
that of the absorbed light, and is placed face to 
face with the light-extracting surface of the 
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light-emitting element without contacting the 
light-emitting element; and 
an optical member which receives incident light 
from the light-emitting element which has been 
made incident thereon through the fluorescent 
member, and aligns the incident light toward the 
outside of the device. 

2. The light-emitting device according to claim 1, 
wherein the light-emitting element is mounted on 
the packaging substrate with a face thereof down. 

3. The light-emitting device according to claim 1, 
wherein the optical member has a convex-lens 
shape. 



9. The light-emitting device according to claim 1, 
wherein the fluorescent member is formed in such 
a manner that light transmission paths from the 
light-emitting element in the fluorescent member 

5 have substantially the same light path length. 

10. The light-emitting device according to claim 9, 
wherein the flu orescent member has a light emitting 
surface that is formed into a curved surface. 



10 



11. The light-emitting device according to claim 10, 
wherein the fluorescent member has a surface fac- 
ing the light-emitting element, which is formed into 
a curved surface. 



15 



4. The light-emitting device according to claim 1, 
wherein: a portion of the optical member that faces 
the packaging substrate forms a slope surface hav- 
ing a predetermined angle with respect to the light- 
extracting surface of the light-emitting element, and 
light rays that have been emitted by the light emit- 
ting element and have passed through the fluores- 
cent member and those light rays among light rays 
that have been emitted by the light-emitting element 
that are absorbed by the fluorescent member and 
re-emitted as light having a different wave length, 
with both types of light rays being made incident of 
the slope surface, are reflected in the substantially 
normal direction to the light-extracting surface of the 
light-emitting element. 

5. The light-emitting device according to claim 1, 
wherein a surface of the optical member on the 
light-emitting element side is made into a light re- 
flecting unit having an opening section through 
which light from the light-emitting element is took in. 

6. The light-emitting device according to claim 1, 
wherein: the optical member is made of a first opti- 
cal member having a low refractive index and a sec- 
ond optical member having a high refractive index, 
and light rays that have been emitting from the light- 
emitting element and have passed through the flu- 
orescent material and those light rays among light 
rays that have been emitted from the light-emitting 
element that are absorbed by the fluorescent mem- 
ber and re-emitted as light having a different wave- 
length are made incident on the second optical 
member through the first optical member. 

7. The light-emitting device according to claim 1, 
wherein the optical member is made from an inor- 
ganic transparent material. 

8. The light-emitting device according to claim 1, 
wherein the light-emitting element is substantially 
surrounded by the fluorescent member. 



12. The light-emitting device according to claim 1, 
wherein: the packaging substrate has a concave 
section, with the light-emitting element being placed 
on a bottom of the concave section, and a surface 
20 of the fluorescent member that faces the light-emit- 
ting element is formed to have substantially the 
same size as an opening shape of the concave sec- 
tion. 

25 13. The light-emitting device according to claim 12, 
wherein the concave section has an inner circum- 
ferential surface that has a parabolic surface which 
reflects light directed thereto from the light-emitting 
element toward the fluorescent member. 

30 

14. The light-emitting device according to claim 12, 
wherein the concave section has an inner circum- 
ferential surface that has an elliptical surface which 
reflects light directed thereto from the light-emitting 

35 element toward the fluorescent member. 

15. The light-emitting device according to claim 12, 
wherein the fluorescent member is fitted to the 
opening section of the concave section. 



40 

16. The light-emitting device according to claim 1, 
wherein the packaging substrate is made from a 
heat conductive material. 

45 17. The light-emitting device according to claim 1, 
wherein the light-emitting element is sealed by a 
light-transmitting resin, with a light-emitting surface 
of the transparent resin formed into a curved sur- 
face. 

50 

18. The light-emitting device according to claim 1, 
wherein a reflection preventive film, which sup- 
presses light reflection on the fluorescent member 
surface with respect to light from the light-emitting 
55 element, and increases the quantity of incident light 
into the fluorescent member, is interpolated be- 
tween the fluorescent member and the light-emit- 
ting element. 
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19. The light-emitting device according to claim 1, 
wherein a light-scatting material, which scatters 
light rays that have been emitted from the light-emit- 
ting element and have passed through the fluores- 
cent member or those light rays among the light s 
rays emitted from the light-emitting element that are 
absorbed by the fluorescent member and re-emit- 
ted as light having a different wavelength, is inter- 
polated between the fluorescent member and the 
optical member. 10 

20. The light-emitting device according to claim 1, 
wherein the fluorescent member is placed inside 
the concave section formed in the optical member. 

15 

Amended claims under Art. 19.1 PCT 

1 . (Amended) A light-emitting device which uses an 
LED, comprising: 2 o 

a packaging substrate; 

a light-emitting element that is placed on the 
packaging substrate, and has a light-extracting 
surface from which light is taken out; 25 
a fluorescent member which is formed by dis- 
persing a fluorescent material in a transparent 
substance, where the fluorescent material ab- 
sorbs light from the light-emitting element, and 
emits light having a wavelength different from 30 
that of the absorbed light, and is placed face to 
face with the light-extracting surface of the 
light-emitting element with a clearance gap in- 
terpolated in between; and 

an optical member which receives incident light 35 
from the light-emitting element which has been 
made incident thereon through the fluorescent 
member, and aligns the incident light toward the 
outside of the device. 

40 

2. The light-emitting device according to claim 1 , 
wherein the light-emitting element is mounted on 
the packaging substrate with a face thereof down. 

3. The light-emitting device according to claim 1 , 45 
wherein the optical member has a convex-lens 
shape. 

4. The light-emitting device according to claim 1, 
wherein: a portion of the optical member that faces so 
the packaging substrate forms a slope surface hav- 
ing a predetermined angle with respect to the light- 
extracting surface of the light-emitting element, and 
light rays that have been emitted by the light emit- 
ting element and have passed through the fluores- ss 
cent member and those light rays among light rays 
that have been emitted by the light-emitting element 
that are absorbed by the fluorescent member and 



re-emitted as light having a different wave length, 
with both types of light rays being made incident of 
the slope surface, are reflected in the substantially 
normal direction to the light-extracting surface of the 
light-emitting element. 

5. The light-emitting device according to claim 1 , 
wherein a surface of the optical member on the 
light-emitting element side is made into a light re- 
flecting unit having an opening section through 
which light from the light-emitting element is took in . 

6. The light-emitting device according to claim 1 , 
wherein: the optical member is made of a first opti- 
cal member having a low refractive index and a sec- 
ond optical member having a high refractive index, 
and light rays that have been emitting from the light- 
emitting element and have passed through the flu- 
orescent material and those light rays among light 
rays that have been emitted from the light-emitting 
element that are absorbed by the fluorescent mem- 
ber and re-emitted as light having a different wave- 
length are made incident on the second optical 
member through the first optical member. 

7. The light-emitting device according to claim 1 , 
wherein the optical member is made from an inor- 
ganic transparent material. 

8. The light-emitting device according to claim 1, 
wherein the light-emitting element is substantially 
surrounded by the fluorescent member. 

9. The light-emitting device according to claim 1 , 
wherein the fluorescent member is formed in such 
a manner that light transmission paths from the 
light-emitting element in the fluorescent member 
have substantially the same light path length. 

10. The light-emitting device according to claim 9, 
wherein the fluorescent member has a light emitting 
surface that is formed into a curved surface. 

11. The light-emitting device according to claim 10, 
wherein the fluorescent member has a surface fac- 
ing the light-emitting element, which is formed into 
a curved surface. 

12. The light-emitting device according to claim 1, 
wherein: the packaging substrate has a concave 
section, with the light-emitting element being placed 
on a bottom of the concave section, and a surface 
of the fluorescent member that faces the light-emit- 
ting element is formed to have substantially the 
same size as an opening shape of the concave sec- 
tion. 

13. The light-emitting device according to claim 12, 
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wherein the concave section has an inner circum- 
ferential surface that has a parabolic surface which 
reflects light directed thereto from the light-emitting 
element toward the fluorescent member. 

5 

14. The light-emitting device according to claim 12, 
wherein the concave section has an inner circum- 
ferential surface that has an elliptical surface which 
reflects light directed thereto from the light-emitting 
element toward the fluorescent member. « 

15. The light-emitting device according to claim 12, 
wherein the fluorescent member is fitted to the 
opening section of the concave section. 

16. The light-emitting device according to claim 1 , 
wherein the packaging substrate is made from a 
heat conductive material. 

17. The light-emitting device according to claim 1 , 20 
wherein the light-emitting element is sealed by a 
light-transmitting resin, with a light-emitting surface 

of the transparent resin formed into a curved sur- 
face. 

25 

18. The light-emitting device according to claim 1 , 
wherein a reflection preventive film, which sup- 
presses light reflection on the fluorescent member 
surface with respect to light from the light-emitting 
element, and increases the quantity of incident light 30 
into the fluorescent member, is interpolated be- 
tween the fluorescent member and the light-emit- 
ting element. 

19. The light-emitting device according to claim 1 , 35 
wherein a light-scatting material, which scatters 
light rays that have been emitted from the light-emit- 
ting element and have passed through the fluores- 
cent member or those light rays among the light 
rays emitted from the light-emitting element that are 40 
absorbed by the fluorescent member and re-emit- 
ted as light having a different wavelength, is inter- 
polated between the fluorescent member and the 
optical member. 

45 

20. The light-emitting device according to claim 1 , 
wherein the fluorescent member is placed inside 
the concave section formed in the optical member. 



Statement under Art. 19.1 PCT 

In claim 1 , a limitation is placed so as to clarify the 
arrangement that a fluorescent member is aligned face 
to face with a light-extracting surface of a light-emitting 
element without contacting the light-emitting element by 
interpolating a clearance gap between the fluorescent 
member and the light-extracting surface of the light- 



emitting element. 

The device disclosed in reference JP2000-31548A 
is the device that a high refractive- index substance is 
sealed in a manner so as to make it in contact with a 
wavelength converting sheet having a wavelength con- 
verting substance and in contact with a light-emitting di- 
ode chip. 

The device disclosed in reference 
JP2001-148514A is the device that a resin in which a 
fluorescent material is dispersed and maintained therein 
is charged into a recessed section in which a light-emit- 
ting element has been mounted. 

The device disclosed in reference 
JP2000-349346A is the device that a semiconductor 
light-emitting element is coated with a coating material 
having a layer in which a fluorescent substance has 
been mixed. 

The device disclosed in reference 
JP2000-315826A is the device that a second transpar- 
ent resin containing a fluorescent substance is placed 
on a first transparent resin which is covering a light-emit- 
ting element. 

The device disclosed in reference W000/33390A1 
is the device that an LED is coated with a layer or poly- 
mer containing a fluorescent material. 

The device disclosed in reference JP2000-31531 A 
is the device that a fluorescent material is applied onto 
a light-emitting element. 

The device disclosed in reference J P1 1-298048A is 
the device that an LED is sealed with a sealing member. 

In the present invention, advantageous effects are 
obtained that the thermal deterioration of the fluorescent 
member can be suppressed and consequently the serv- 
ice life of the fluorescent member is lengthened since a 
clearance gap is interpolated between a fluorescent 
member and a light-extracting surface of the light-emit- 
ting element so that heat from the light-emitting element 
is not conducted to the fluorescent member. 
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